Abstract. Simultaneous MAC Packet Transmission (SMPT) has recently been proposed for stabilizing the throughput over wireless links, which is one of the key challenges in providing high-quality wireless multimedia services. SMPT stabilizes the wireless link by transmitting multiple packets on multiple CDMA channels in parallel in response to packet drops due to wireless link errors. These parallel packet transmissions stabilize the link layer throughput, but they also increase the interference level in a given cell of a cellular network or cluster of an ad-hoc network, which in turn reduces the number of traffic flows that can be simultaneously supported in a cell/cluster. We have recently developed an analytical framework for the class of SMPT mechanisms for a simple Bernoulli packet generation process, which does not reflect the oftentimes bursty packet generation processes encountered in real networks. In this paper we develop a generalized analytical framework for SMPT, which accommodates bursty packet traffic (and also non-bursty Bernoulli traffic). This framework expresses the system dynamics in transition probabilities for a Markov chain and calculates the effects of the interference through an iterative approach. The numerical results from our analytical framework and verifying simulations indicate that SMPT provides a significant reduction in packet loss and buffer occupancies (and delay), especially for persistent traffic bursts, in exchange for a reduced number of supported flows. Our analytical framework quantifies these system trade-offs with good accuracy and can thus be employed for resource management.
Introduction
Simultaneous MAC Packet Transmission (SMPT) is a novel class of Automatic Repeat reQuest (ARQ) mechanisms, which is designed to stabilize the throughput over wireless links and thus to enable high-quality wireless multimedia services [1] . SMPT exploits the parallel code channels provided by multicode CDMA, which is the basis for many modern wireless systems, e.g., [2] and UMTS [3] . In contrast to conventional ARQ mechanisms, such as send-and-wait, go-back-N , and selective repeat, which transmit one packet at a time over the radio front end of the sender, SMPT transmits multiple packets in parallel. With SMPT, a sender simultaneously uses multiple CDMA code channels to transmit multiple packets in parallel in response to packet drops due to errors on the wireless links. These parallel packet transmissions keep the packet backlog in the sender buffer small and thus the delay and the probability of packet loss due to buffer overflow are also kept small and thus can serve as a basis for offering high-quality multimedia services over the wireless links. SMPT operates exclusively at the link layer and does not require a central controller or scheduler. Instead, a given wireless terminal adjusts its number of used CDMA codes in response to the success or failure of its own packet transmissions. SMPT is thus well suited for the communication among uncoordinated wireless terminals in ad hoc networks.
The improved packet level performance of SMPT comes at the expense of increased interference levels due to the increased use of CDMA codes, which we assume throughout to be correlated pseudonoise codes. The increased interference levels tend to increase the probabilities of wireless errors and thus more frequent packet drops on the wireless links. More failed packet transmissions in turn call for the use of even more codes in SMPT, which will clearly lead to instability when the traffic level exceeds a critical threshold (the so-called capacity).
With the class of SMPT ARQ mechanisms there is thus a trade-off between improved link layer packet quality of service (QoS) and a reduced number of packet flows that are provided with this higher level of QoS.
The concept of SMPT ARQ protocols opens up a new design space of policies for adjusting the number of used CDMA code channels to overcome packet drops on the wireless links. The thorough exploration of this design space and the optimization of the policies for adjusting the number of used CDMA codes for specific wireless settings requires a fundamental understanding of the dynamics of the class of SMPT mechanisms. Also, the deployment of SMPT protocols requires accurate quantitative characterizations of the link layer QoS and the number of supported flows for resource allocation in wireless systems running a form of SMPT. Towards providing a basis for the exploration and optimization of SMPT policies and the resource allocation for SMPT, we have developed in [1] an analytical framework for SMPT. A key limitation of the analytical framework developed in [1] is that it accommodates only non-bursty uncorrelated packet generation, more specifically, it is limited to a Bernoulli packet generation process. In practical wireless systems, however, the link layer packet traffic is oftentimes bursty and correlated due to bursty application traffic [4, 5] and the fragmentation of higher layer protocol data units (e.g., IP datagrams) into smaller link layer protocol data units (which we refer to as packets).
In this paper we develop a generalized analytical framework for the class of SMPT protocols, which accommodates non-bursty (Bernoulli) packet traffic as well as bursty packet traffic. In particular, we consider Markov modulated Bernoulli processes, which are a common model for bursty packet traffic at the wireless link layer [6, 7] . In contrast to our analysis for Bernoulli traffic, which evaluated the client buffer occupancy and number of used channels directly from the dynamics of SMPT, our generalized analytical framework expresses the dynamics of SMPT in transition probabilities which are used to formulate a Markov chain model of the SMPT system. Whereas the simpler Bernoulli traffic allowed us to calculate the interference level directly, we adopt an iterative approach to calculate the interference level and its impact on the client buffer occupancies for the more complicated bursty traffic considered in this paper. We find in our numerical evaluations that the iterative approach converges very quickly (typically after three to four iterations). Similar to the analytical framework developed in [1], the analytical framework developed in this paper is modular in nature and thus provides insights into the key drivers of the SMPT system dynamics and allowing for the characterization of new forms of SMPT. This paper is structured as follows. In the following subsection we review related work. In Section 2 we give an overview of the considered multicode CDMA system and the class of SMPT ARQ mechanisms. We describe the considered network architecture, client traffic model as well as wireless link model. We also define our performance metrics which are the client buffer occupancy and the buffer overflow (packet loss) probability. In Section 3 we present our generalized analytical framework. We first give an overview of the analytical
